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(54) Adhesion prevention and an endoscopic insufflation system therefor 

(57) The invention relates to an anoxemia prevent- 
ing compound for the manufacture of a medicament for 
preventing adhesion formation. 

The invention further relates to an endoscopic 
insufflation system comprising gas supplying means tor 
a insufflation line, wherein the supplying means are 
designed to supply gas mixtures comprising 0 2 . 
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Description 

The present invention relates to adhesion preven- 
tion by adhesion preventing compounds, products 
and/or an endoscopic insufflation system therefor. 

Adhesion formation is a major problem following 
surgical procedures and is a frequent cause of postop- 
erative pain and of infertility. Adhesions are the major 
cause of intestinal obstruction and it is estimated that 
following an intra-abdominal procedure, adhesions 
occur in some 50 to 80 percent of patients. 

The mechanism of adhesion formation can be sum- 
marized as follows: a trauma of the peritoneal lining is 
rapidly followed by an inflammatory reaction; exudation 
of plasma, and deposition of a fibrin matrix. Subse- 
quently the lesion is healed by the degradation of the 
fibrin deposition, and by proliferation of the mesenchy- 
mal lining of the peritoneum. If the repair process is not 
completed within a few days, fibroblast proliferation 
starts which ultimately will end in collagen deposition 
and adhesion formation. Key players in this process are 
in particular fibrin and fibrinolysis, macrophages and 
their secretion products such as growth hormones and 
cytokines, and obviously the epithelial repair process. 
From this repair process it results that adhesion forma- 
tion is largely independent from the extent of the 
trauma. 

Prevention of adhesion formation has been 
attempted mechanically and by modulating the inflam- 
matory reaction. Mechanical adhesion prevention has 
been attempted by barrier methods and by the instilla- 
tion of viscous fluids at the end of surgery keeping the 
surfaces separated, or recently by coating the surfaces 
by biodegradable gels. 

These known approaches have been only moder- 
ately succesful. 

Surprisingly, the applicant found that anoxemia is a 
major cause and/or cofactor of adhesion formation. The 
invention relates in particular to the use of an anoxemia 
preventing compound for the manufacture of a medica- 
ment for preventing adhesion formation. 

These local or systemic administered medicaments 
according to the invention reduce adhesion formation by 
decreasing anoxemia in particular of the peritonial lining 
or the consequences of peritoneal anoxemia. 

Hereunder mechanisms and drugs are highlighted 
which are proven to be relevant to reduce/prevent adhe- 
sion formation. These drugs have hitherto not been 
used in adhesion prevention, at least not in the concept 
of prevention of ischemia and/or anoxemia and/or of the 
consequences of ischemia and/or anoxemia. 

The damage caused by ischemia and/or anoxemia 
has been investigated to occur during the period of 
ischemia and/or anoxemia itself, and during the reper- 
fusion period. The mechanisms which are recognized to 
be involved are Ca channels, kalium efflux, free oxygen 
radicals, expression of a series of proteins such as 
VEGF (a potent angiogenic factor), other cytokines 



which are leucocyte attractants and heat shock pro- 
teins. 

These drugs can be applied either systemically, or 
by local instillation during surgery, or by the prolonged 

5 administration intraperitoneal ly postoperatively, prefera- 
bly locally e.g. by miniosmotic pumps. Experiments 
have shown, that this is feasible, that the local adminis- 
tration has the advantage that much higher concentra- 
tions of active drugs can be obtained, and that the 

10 administration for 24 to 36 hours postoperatively is suf- 
ficient. 

Considering the knowledge of prevention of 
ischemia and/or anoxemia and/or of the consequences 
of ischemia and/or anoxemia the time course of admin- 
15 istration of these drugs to prevent adhesions will obvi- 
ously be different from those actually used. 

Together with the hereunder explained oxygen/C0 2 
pneumoperitoneum or independently at least the follow- 
ing mechanisms and/or drugs/mechanisms can be 
20 used for the prevention of adhesions: 

drugs to prevent anoxemia or the consequences 
thereof can also be administered, continuously or 
intermittently in the insufflation gas or mixture as an 
25 aerosol. For this purpose all drugs as mentioned 
later can be used; 
activation of potassium channels; 
modulation of macrophage activation and leucocyte 
attraction through cytokines, or their inhibitors e.g. 
so IL8, IL6, IL1; 

the effect of VEGF expression, a direct conse- 
quence of anoxemia, will be blocked by antibodies 
or other inhibitors; 

indomethacin, which can inhibit the membrane lipid 
35 peroxidation products following anoxemia; 

prostaglandin E1 was shown to reduce the conse- 
quences of ischemia and/or anoxemia in the liver; 
allopurinol was shown to reduce the consequences 
of ischemia and/or anoxemia in the kuppfer cells of 
40 the liver through an effect on xanthine-oxidase; 

calcium channel blockers, free radical scavengers, 
lipid peroxysomes, and pregnatrienes; 
calcium antagonists; 

prevention of hypoxia associated stress proteins; 
45 - acidosis can prevent reperfusion damage; 

MP, dopamine and ATP-MgCI2 administered follow- 
ing the anoxemia as demonstrated for the liver. 

The amount of these active ingredients of the 
so present invention may vary depending on the formula- 
tion, but it is usually from 0.1 to 50% by weight irrespec- 
tive of the manner of administration. The dose is 
determined taken into consideration the age, sex, and 
syptom of disease of the subject, the desired therapeu- 
55 tic effect, the period of administration, etc. However 
preferably a daily dose of the active ingredient is from 
0.05 to 1 00 mg for an adult. 

The invention relates also to a novel endoscopic 
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insufflation system with supplying means for 0 2 . 

Endoscopy also called minimal access surgery has 
become widely used over the last years because of 
clearcut advantages of a decreased postoperative mor- 
bidity, less pain and a shorter hospitalization. These 
procedures require by means of an insufflation system 
or an irrigation system a distension to permit visualiza- 
tion. 

Endoscopic surgery uses, at present, almost exclu- 
sively pure carbon dioxide gas (C0 2 ). A standard lesion 
induced either by C0 2 laser (superficial lesion) or by 
monopolar, or bipolar coagulation, (deeper lesion) 
cause more adhesions when the duration of the pneu- 
moperitoneum is longer. The amount of adhesions 
increase with time, at least up to 2 hours. All existing 
insufflation systems are designed to control gas flow tor 
pure carbon dioxide gas. Since C0 2 is highly soluble in 
water, this gas has almost uniformly been used to 
induce the pneumoperitoneum, for safety reasons. In 
cases of accidental gas embolism the solubility in water 
and the exchange capacity in the lungs is estimated to 
be possibly of crucial life saving importance. 

C0 2 irritates the peritoneum, as evidenced by the 
pain when insufflated without anaesthesia, and by the 
shoulder pain following endoscopic procedures. This 
can be explained by the pH changes caused by C0 2 . 

The endoscopic insufflation system according to 
the invention comprises gas supplying means for a 
insufflation line, wherein the supplying means are 
designed to supply gas mixtures comprising 0 2 and in 
particular gas mixtures of 0 2 /C0 2 . Supprisingly it was 
found that 0 2 comprising gas mixtures reduce adhesion 
formation. Other 0 2 gas mixtures, for example with N 2 0 
or Helium can also be used as insufflation gases with 
preventing adhesion formation characteristics accord- 
ing to the invention. 

For intra-abdominal endoscopy, the distension 
medium is generally a gas whereas for organs such as 
a uterus, both gases and fluids can be used. 

In a series of experiments in rabbits and mice it was 
recently shown that C0 2 is an independent adhesto- 
genic factor. C0 2 causes not only pH changes. Taking 
into account the relative pressures, it was found that the 
peritoneal lining was anoxic during the pneumoperito- 
neum and that this was a direct cause of cell damage 
and adhesion formation. 

The present invention shows that the presence of 
0 2 diminished the adhesion formation. This was exper- 
imentally proven by the administration of 1 ,2.5,5;10 and 
20% of oxygen together with the C0 2 . In these experi- 
ments, exposure of 60 min of pure C0 2 increased the 
adhesion scores 4 fold in comparison with an exposure 
of 10 min. From a final concentration of 5% oxygen 
onwards, this adhesiogenic effect of C0 2 was com- 
pletely abolished. Also visually the appearance of the 
lesions following pure C0 2 and following a C0 2 /oxygen 
mixture was obviously different, the latter looking much 
healthier. 



These above mentioned experiments demonstrate 
clearly that prevention of anoxemia reduces adhesion 
formation, which principle is used as a basis in develop- 
ing an insufflation system which delivers a controlled 

5 0 2 /C0 2 mixture. 

An endoscopic insufflation system according to the 
invention is preferably provided with means for moisten- 
ing the insufflation gas. For example by means for a 
sprinkler device. 

10 Drying of peritoneal surfaces has been considered 
a cofactor in adhesion formation. For this reason as a 
single measure or together with the prevention of anox- 
emia using oxygen in the insufflation gas or using drugs 
to prevent anoxemia or the consequences thereof, it is 

15 important that the insufflated gas is moistened in order 
to prevent dehydration of the peritoneal surfaces. 
Instead of moistening the insufflated gas, a sprinkler 
system has been devised which intermittently sprays 
the abdominal cavity. This sprinkler device can be 

20 attached to any canula, or preferably to the endoscope: 
under high pressure a small volume of irrigating fluid is 
intermittently and automatically sprayed in all directions 
of the abdominal cavity. 

The insufflation system according to the invention 

25 will be further illustrated hereunder, on the basis of a 
number of non limitative embodiments, and with refer- 
ence to the annexed drawing, wherein figures 1 and 2 
are extensively schematised drawings of control means 
of an insufflator system according to the invention. 

30 During endoscopy or endoscopic surgery, the 
abdominal cavity generally is or can intentionally be irri- 
gated with a solution such as Ringers lactate or any 
other physiologic solution . The invention that anoxemia 
or the consequences thereof should be prevented, will 

35 use medicated irrigation fluids. For this purpose any of 
the substances as described can be used, in order to 
recuce that anoxemia or the consequences thereof, 
already during surgery. Alternatively, at the beginning of 
the surgery, the peritoneal surfaces can be coated with 

40 a biodegradable gel, wNch will prevent the direct con- 
tact of C0 2 with the peritoneal surface and thus 
changes in pH and/or anoxemia. 

First an overview is given of possible technical solu- 
tions to the problem of applying carbon dioxide-oxygen 

45 (C0 2 /0 2 ) gas mixtures during endoscopic^ surgery. 

The requirements of such an insufflation system 
according to the invention are those of a pure C0 2 
insufflator with additionally: 

so means for controlling the ratio of carbon dioxide- 
oxygen, which ratio is preferably controlled inde- 
pendently from the gas flow; 
means for adjusting the ratio of carbon dioxide-oxy- 
gen during the endoscopies surgery (e.g. start the 

55 operation with pure carbon dioxide and after a while 
switch to a 50% oxygen mixture); 
flow control means for the carbon dioxide-oxygen 
gas mixture. 
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The initiation of the pneumoperitoneum should 
preferably be done at insufflation pressures below 15 
mm Hg and at a flow rate of less than 1 L/min. Once the 
pneumoperitoneum established, the most important 
factor is the intra-abdominal pressure which should not 
exceed 30 mm of Hg. The flow rate becomes relatively 
unimportant. 

A first embodiment of an insufflation system 
according to the invention makes use of fixed gas mix- 
tures. One can perform endoscopical surgery using car- 
bon dioxide-oxygen gas mixtures using containers of 
premixed gases. It is obvious that this solution offers 
total independability of C0 2 -0 2 ratio from gas flow. Flow 
control can be obtained using existing equipment. This 
embodiment has the advantage of its simplicity. The 
only extra equipment needed are some containers with 
mixtures of carbon dioxide gas and oxygen with differ- 
ent C0 2 -0 2 ratios and a valve to switch from one mix- 
ture to another. This valve can be placed before the gas 
inlet of existing equipment, or it can be integrated into 
an apparatus for gas flow control. The valve can be pure 
mechanical, or electromechanical. 

An important limitation of this first embodiment is 
the fact that it is impossible to continuously vary the car- 
bon-dioxide-oxygen ratio during an endoscopical opera- 
tion. Only a number of fixed ratios can be used during 
an operation. Hereunder are two other embodiments 
proposed, which can overcome this limitation. 

Figure 1 gives a schematic overview of an open 
loop control system for mixing carbon dioxide and oxy- 
gen in a predefined ratio. 

The proposed solution consists of a buffer volume 6 
and a controller unit 7. The two (one for oxygen, one for 
carbon dioxide) gas inlets are equipped with electrome- 
chanical valves 4 and 5. 

A periodically opening of the valves 4 and 5, makes 
it possible to mix the two gases in the buffer volume 6. If 
one makes sure that the opening times of the valves are 
rather small, or the incoming gas flow is rather small or 
the buffer volume 6 is rather large, then the pressure in 
the buffer volume 6 will remain rather constant during 
one period. 

In short, the increase in pressure in the buffer vol- 
ume 6 during one period, can be neglected for small 
periods, large buffer volumes or small incoming gas 
flows. By consequence, if these conditions are met, the 
gas flow in the two gas inlets can be considered equal 
and the ratio of the two gases in the buffer volume 6 will 
be the same as the ratio of the opening times of the two 
valves. 

Since no feedback is provided in this solution, some 
extra measures are necessary to make sure gas always 
flows in the buffer volume 6 through the valves 3 and 4. 
This can be achieved by providing the pressure sensors 
1, 2 and 3. The controller unit 7 may only periodically 
open valves if the pressure at sensor 3 is smaller than 
the pressure at the sensors 1 and 2. The controller unit 
must issue a warning to the user if the pressure at sen- 



sors 1 or 2 drops below some predefined value. In order 
to compensate for slight differences in input pressure 
between 1 and 2 (and by consequence, differences in 
incoming gas flow), the controller must always maintain 

s a predefined pressure difference between the buffer vol- 
ume 6 and the incoming gas flows. 

This embodiment has the advantage of flexibility 
over the previous one. By varying the ratio of opening 
times of the valves 4 and 5 any carbon dioxide-oxygen 

10 ratio can be achieved. Response will not be immediate, 
since the buffer volume 6 will introduce a delay. 

This embodiment can be placed before the gas inlet 
of existing equipment for flow control, or integrated in 
new equipment for flow control. 

is This embodiment tries to overcome the problem of 
delayed response to different mixture ratios, as dis- 
cussed above. 

Figure 2 shows a schematic overview of a third 
embodiment of the invention with a closed loop control 

20 system. 

The control unit 14 measures via the sensor 13 the 
composition of the gas mixture. It compensates for devi- 
ations of a predefined composition by means of the pro- 
portional valves 11 and 12 at the gas inlets. This 

25 embodiment guaranties a quasi immediate response to 
a request to alter the mixing ratio. Pressure sensors at 
the inlets, to guard against a "no pressure" situation at 
the inlet are no longer necessary, since this must be the 
case if the controller is no longer able to obtain the 

30 requested gas composition. They may be, however, 
useful in order to build a more efficient controller unit 

Again, this embodiment can be placed before exist- 
ing equipment for flow control or integrated into new 
equipment for flow control. It offers the advantages of 

35 improved reaction speed and size (no buffer volume 
needed) to the open loop control system. 

It must be stated, however, the above given embod- 
iments are extensively simplif icated for reasons of clar- 
ity, and it is further possible to add some extra sensors 

40 for pressure measurement and f tow measurement, and 
if the controller unit is well designed, this system can 
implement gas mixture and flow control all together, so 
no extra equipment for flow control will be necessary 
anymore. 

45 Prevention of anoxemia and of the consequences 
of anoxemia have been investigated mainly in obstet- 
rics, in cardiology and in transplant surgery. In obstet- 
rics it is obvious that prevention of anoxemia and/or of 
the consequences of anoxemia are important to prevent 

so brain damage of the child. Also in cardiology prevention 
of anoxemia and/or of the consequences of anoxemia 
as a result of ischemia is important to minimize the con- 
sequences of an infarction. During transplant surgery 
(kidney, heart, lung, liver) prevention of ischemia and/or 

55 anoxemia and/of of the consequences of ischemia 
and/or anoxemia is essential to minimize damage of the 
donor organ. 

A lower temperature obviously decreases metabo- 
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lism and oxygen consumption and has been used to 
prevent ischemia and/or anoxemia e.g. for the mam- 
mary artery transplantation. 

A cooled CC>2/oxygen mixture will be used to pre- 
vent adhesion prevention. The originality of the concept 
is illustrated by the recent introduction of 2 insufflators 
with warmed C0 2 up to 37°. 

The invention further relates to methods for pre- 
venting adhesion by controlling anoxemia. 

Claims 

1. Use of an anoxemia preventing compound for the 
manufacture of a medicament for preventing adhe- 
sion formation. 

2. Use according to claim 1, wherein the anoxemia 
preventing compound is chosen from: 

activators of potassium channels; 
modulators of macrophage activation and leu- 
cocyte attraction through cytokines, or their 
inhibitors; 

the anttoodies or inhibitors blocking the effect 

of VEGF expression; 

indomethacin; 

prostaglandin El; 

allopurinol; 

calcium channel blockers; 
free radical scavengers; 
lipid peroxysomes; 
pregnatrienes; 
calcium antagonists; 

prevention of hypoxia associated stress pro- 
teins; 
acidosis; 

- MP; 
dopamine; 

- ATP~MgCI 2 ; 

- 0 2 ; 

0 2 comprising gas mixtures; 
0 2 /C0 2 gas mixture. 

3. Endoscopic insufflation system comprising gas 
supplying means for a insufflation line, character- 
ized in that the supplying means are designed to 
supply gas mixtures comprising 0 2 . 

4. Endoscopic insufflation system according to claim 

3, characterized in that the gasmixture is a mixture 
of 0 2 /C0 2 , in which gasmixture 0 2 preferably is 
present in a volume ratio from 1 to 20% and more 
preferably from 5 to 20% and most preferably from 
5 to 10%. 

5. Endoscopic insufflation system according to claim 

4, characterized in that the system comprises 
means for controlling the ratio 0 2 /C0 2 of the gas 



mixture. 

6. Endoscopic insufflation system according to claim 4 
or 5, characterized in that the system comprises 

5 means for controlling the flow rate of the 0 2 /C0 2 

gas mixture. 

7. Endoscopic insufflation system according to one of 
the preceding claims 3-6, characterized in that the 

10 system comprises means for moistening the insuf- 
flation gas. 

8. Endoscopic insufflation system according to one of 
the preceding claims 3-7, characterized in that the 

15 system comprises means for the control of the tem- 
perature of the gas. 

9. Method for preventing adhesion formation by pre- 
venting anoxemia. 

20 

10. Method according to claim 9, comprising adminis- 
tering to humans and animals in need of an adhe- 
sion preventing treatment a therapeutically effective 
amount of a compound chosen from: 

25 

activators of potassium channels; 
modulators of macrophage activation and leu- 
cocyte attraction through cytokines, or their 
inhibitors; 

30 - the antibodies or inhibitors blocking the effect 

of VEGF expression; 

indomethacin; 

prostaglandin E1 ; 

allopurinol; 
3s - calcium channel blockers; 

free radical scavengers; 

lipid peroxysomes; 

pregnatrienes; 

calcium antagonists; 
40 - prevention of hypoxia associated stress pro- 
teins; 

acidosis; 

- MP; 
dopamine; 

45 - ATP-MgCI 2 ; 

- 0 2 ; 

0 2 comprising gas mixtures; 
0 2 /C0 2 gas mixture. 

so 11. Method according to claim 9 or 10, for preventing 
adhesion formation in endoscopy using a endo- 
scopic insufflation system according to one of the 
claims 3-8. 

55 12. Method according to claim 11, characterized in 
that the insufflating gas is a 0 2 /C0 2 gas mixture, in 
which gas mixture 0 2 preferably is present in a vol- 
ume ratio from 1 to 20% and more preferably from 
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